
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



THE THERMAL DEATH POINT OF THE SPORES 
OF BACILLUS BOTULINUS IN CANNED FOODS 

Harry Weiss 

From the Department of Preventive Medicine and Hygiene, Harvard Medical School, Boston 

I reported * the results of an investigation of the resistance of the 
spores of B. botulinus 2 to heat and the effects of several variable con- 
ditions which influence their death. It was shown that the thermal 
death point is markedly influenced by the hydrogen-ion concentration. 
It was also shown that the destruction of the spore is a gradual process, 
not an instantaneous killing; that is, the spores are progressively 
injured and finally destroyed. It was demonstrated that spores of 
different strains vary considerably in their heat resistance; that the 
resistance is influenced by the age of the spores; that young spores 
about 1 month old have the highest thermal resistance; that increasing 
the concentration of sodium chloride decreases the resistance; and that 
the larger the number of spores the higher the temperature and longer 
the period of exposure required to kill them. The relative importance 
of these factors was also shown. 

On the basis of these facts I proceeded to a study of the heat 
resistance of the spores of B. botulinus in commercially canned foods. 
Thirty-six varieties of standard brands of foods on the American 
market were tested. 

Tech nic 

The can liquor was removed with aseptic precautions. In cans in which 
there was no free liquor the juice was expressed through sterile gauze into 
a sterile container. The spore suspension was prepared by growing B. botu- 
linus in sheep's brain medium for one month and straining through sterile 
gauze. Nine parts of the food fluid to be tested was mixed with one part of 
the spore suspension, and 1 c c of this mixture was pipetted into a 
tube, 10 mm. inside diameter, 12 mm. outside diameter and 30 cm. long. A 
series of such tubes were prepared. Special tubes were used, care being 
required in their manufacture and selection to insure a uniform quality of 
glass and a uniform thickness of wall to obviate experimental errors arising 
from the influence of these factors on the rate of heat penetration. The change 
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1 Weiss, H.: The Heat Resistance of Spores with Special Reference to the Spores of 
B. botulinus, Jour. Infect. Dis., 28, p. 70. 

2 Committee of Soc. Am. Bact. (Jour. Bacteriol., 1920, 5, p. 222) recommends that this 
organism be called Clostridium botulinum. 

In Hygienic Laboratory Bull. No. 121, Sept., 1920, E. M. A. Enlows, Jensen classifies 
this organism as Botulobacillus botulinus. 
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in the P H value due to the glass was determined and was found to be negligible 
under our experimental conditions. The tubes were heated in a Bunsen flame 
to within 2 cm. of the surface of the fluid in order to kill all spores which 
might have been deposited on the glass. When these had cooled, they were 
sealed in the flame submerged to a depth of 12 cm. in a DeKhotinsky oil bath 
and exposed to the action of heat. A series of tubes was prepared in this 
manner for exposure at a given temperature, and at certain intervals a tube 
was removed, opened, and 10 c c of freshly heated glucose agar added, care 
being taken to mix thoroughly the spore suspension throughout the agar. The 
tubes were then incubated at 37.5 C. for at least 3 months. The long period 
of incubation was necessary in order to determine delayed germination of 
injured spores. 1 

The experiment was planned to determine the thermal death point 
of the spores of B. botulinus under laboratory conditions arranged to 
approximate as nearly as practicable the conditions in the can. The 
food juice was tested immediately after its removal from the can, its 
hydrogen-ion concentration determined and a note made of the con- 
sistency of the liquor obtained. This consistency varied from a colored 
or almost colorless watery solution in some products, such as Brussels 
sprouts, string beans, peas, asparagus, etc., to an opaque, heavy, almost 
gelatinous mixture in others, such as succotash, pork and beans, chili 
con carne, etc. The influence of the physical constitution of the food 
juice will be indicated later. 

One strain of B. botulinus (our laboratory strain 15) was used in 
all the exposures. It was originally isolated by Edmondson from 
asparagus salad, which had caused the death of 4 persons at Boise, 
Idaho, in January, 1919. This strain was chosen from 16 because it 
produces spores of a higher resistance than any other strain of unques- 
tionable origin; its identity is certain; it is an active gas producer on 
glucose mediums and produces a toxin of high virulence. 

It has been shown 1 that the thermal resistance of a spore suspension 
varies with the age of the spore, the greatest resistance being found to 
exist when the spore is about 1 month old. In order to keep this factor 
constant spores of this age were employed. 

The degree of heat and time of exposure necessary to accomplish 
sterility vary with the number of spores present in the suspension. The 
greater the number, the more heat is required. The initial spore sus- 
pension as grown contains approximately 15,000,000 spores per cc. 
One part of this suspension strained through sterile gauze was diluted 
with 9 parts of the food liquor. After dilution each tube contained 
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1,500,000 spores in 1 cc of volume. I have chosen 1,500,000 spores 
per cc as a standard concentration, believing that that is far greater 
than the number of spores that can possibly be present as a contamina- 
tion in any canned product. 

RESULTS 

The results indicate that the size of the container being constant, 
there are at least two primary factors that determine the length of 
exposure and degree of heat required to accomplish sterility: (1) the 
hydrogen-ion concentration, and (2) the physical character or con- 
sistency of the food. 

I have shown 1 that the spores of B. botulinus show their greatest 
thermal resistance at the point of neutrality or very near that point 
when pure acids and alkali are used, and that the thermal resistance 
rapidly diminishes as the hydrogen-ion concentration increases or 
decreases from that point. The results with the juices of canned food 
products substantiate this conclusion (see diagram). 

Analysis of the results show that the spores of B. botulinus are 
killed in all food juices (such as the 11 fruit products given in the table) 
having a /> H value between 2.1 and 3.85 in 50 minutes or less at 100 C. 
The greater number of these fruit juices require only 30 minutes or 
less. Less acid foods having a p H of 4.22 and 4.4 require 60 to 90 
minutes at the same temperature. Beets, asparagus, wax beans, peas, 
squash and sweet potatoes having /> H values of 5.13 to 5.36 require an 
exposure of 90 to 120 minutes at 100 C. to kill the spores of B. 
botulinus. Pork and beans, red kidney beans, lima beans, chile con 
carne, succotash and sweet corn with /> H values of 5.69 to 6.21 require 
150 to 180 minutes at 100 C. to accomplish the same result. 

Other factors being equal, foods having an alkaline reaction as 
well as those having an acid reaction, require a shorter period of 
exposure to kill the spores of B. botulinus than food which has a 
neutral reaction. For example, food number 21 (hominy) with a p H 
value of 7.4 required only 90 minutes at 100 C, while food number 22 
(shrimp) with a p H value of 7.00 required 150 minutes or almost twice 
that period of exposure. The results are shown graphically in the 
accompanying tabular diagram (see diagram). 

Another fact that is apparent is that all the fruits and fruit products 
tested form a group showing the highest acidity. The pn values of the 
products in this group fall between 2.1 and 3.85, and the maximum 
period of exposure required at 100 C. is 50 minutes. The second group 
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with pu values ranging from 4.1 to 7.4 requires an exposure of 90 
minutes to 180 minutes at the same temperature with the single excep- 
tion of turnips which require 60 minutes, their /> H value being 4.0, thus 
most nearly approaching the hydrogen-ion concentration in the fruit 
group. This second group includes all the vegetable products to the 
complete exclusion of all the fruit products. 

It is evident from the diagram that in the first group a number of 
products of almost equal p a value show differences of 10 and 20 min- 
utes in the exposure required to kill the spores. This difference is 
apparently due in most cases to the concentration of syrup present in 
the product, the greater the concentration of syrup the longer the 
period of exposure required. 

In the second group, 3 products — string beans, pork and beans in 
tomato sauce and spinach — with similar /> H value, show a variation of 
30 minutes in the exposure required at 100 C. to kill the spores. This 
is apparently due to the consistency of the foods in question. Of these 
3 foods having a /> H value of 5.40, string beans, which have a loose con- 
sistency and are completely bathed in liquor, require 120 minutes at 
100 C, while pork and beans in tomato sauce and spinach require 30 
minutes longer, due to the fact that these products are of a heavier or 
thicker consistency. Similarly, the liquor of Brussels sprouts with a p H 
value of 5.46 requires an exposure of 120 minutes at 100 C, while the 
liquor of pork and beans in plain sauce and red kidney beans, which 
have only a slightly higher /> H value (5.69 and 5.70), requires 150 
minutes at the same temperature. Succotash, sweet corn and clam 
chowder, having p K values of 6.00, 6.21 and 6.26, are more fluid in the 
order named, and as a result require 180, 150 and 120 minutes expo- 
sure, respectively. 

Another important factor in the sterilization of canned foods is the 
time required for the heat to penetrate to the center of the can. This 
phase has been fully treated by Bigelow, Bohart, Richardson and Ball. 2 
The effective temperature and periods of heating given in this paper 
are exclusive of the period of penetration which varies with the par- 
ticular food and the size of the can. For practical purposes the period 
of exposure required for any food product will be expressed by the 
period given plus a factor depending on the size of the can, the specific 
coefficient of heat penetration, the retort technic, etc. 

= Bull. 16-L, Research Laboratory, National Canners Association, Washington, D. C. 
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SUMMARY 

The thermal death point of the spores of B. botulinus in the juices 
of 36 varieties of canned food on the American market has been 
determined. 

The thermal death point varies with the hydrogen-ion concentration 
of the particular food in question. The more acid foods, such as canned 
fruits, require a maximum of 50 minutes at 100 C, 30 minutes at 
105 C. and 15 minutes at 110 C. ; a majority of this group require much 
shorter exposures at the temperatures given. Thus, 8 of the 11 food 
products in this first group require 30 minutes or less at 100 C. The 
vegetable products, which are less acid and more nearly approach the 
neutral reaction, require from 90 to 180 minutes' exposure at 100 C, 
30 to 70 minutes' exposure at 105 C, and 10 to 20 minutes' exposure 
at 110 C. 

The thermal death point also depends on the consistency of the 
particular food, the more fluid products requiring a shorter period of 
exposure at a given temperature than the less fluid ones. 

The thermal death point is also influenced by the presence and con- 
centration of syrup. The heavier the syrup, the longer the period of 
exposure required at any one temperature. 

The temperatures and times of exposure given in this paper must 
not be directly applied to practical canning, for these factors vary not 
only with the nature and the /> H value of the food in question, but also 
with the size of the can, the size and compactness of the cook and the 
retort technic. Furthermore, a factor of safety should be added to 
insure sterilization under practical commercial conditions. 



